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(54) ORGANOSILICON POLYMER AND ITS PREPARATION 

(57)Abstract: 

PURPOSE: To prepare an organosilicon polymer which consists mainly of a polymethylphenylsilane structure and is 
expected to be used as a photoresist, a optical waveguide material, a precursor of silicon carbide, a semiconductor, an 
electrophotographic photoreceptor, a nonlinear optical material, and a luminescent material. 

CONSTITUTION: The objective organosilicon polymer which includes a polymethylphenylsilane structure and has a wt- 
average mol.wt. (by gel permeation chromatography, in terms of monodispersed PS) of at least 2,000 and a peak at about -60 
to -80ppm or at about -42 to -50ppm or at about -30 to -35ppm, in addition to the peak characteristic of 
polymethylphenylsilane at -40ppm, in 29Si-FTNMR (in a chloroform soln., in terms of tetramethylsilane) is prepd. by 
condensing methylphenyldichlorosilane with phenyltrichlorosilane in the presence of a metallic sodium. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The organic silicon macromolecule which the value of weight average molecular weight is 2000 or more in an 
organic silicon macromolecule including poly methylphenyl silane structure by the method searched for by the gel permeation 
chromatography on the basis of mono dispersion polystyrene, and is characterized by having peaks other than -40 ppm 
characteristic of a poly methylphenyl silane near -60 to -80, or -42 to -50, or -30 to -35 ppm by 29 Si-FTNMR (inside of a 
chloroform solution, tetramethylsilane criteria). 

[Claim 2] The manufacture method of the organic silicon macromolecule characterized by making 0.01 to 0.50 a phenyl 
trichlorosilane exist with a mole fraction to methylphenyl dichlorosilane, and manufacturing according to desalting-under 
metallic-sodium existence condensation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the fusibility organic poly silylene macromolecule which is high-performance 
material with the unique feature it is featureless to the conventional polymeric materials which make carbon a skeleton as a 
photoresist, optical-waveguide material, the precursor of a silicon carbide, a semiconductor, an electrophotography photo 
conductor, a non-linear optical material, and a luminescent material new type and which makes silicon a skeleton. 
[0002] 

[Description of the Prior Art] The fusibility organic poly silylene which is the macromolecule which makes silicon a skeleton 
attracts many attentions in recent years as high-performance material with the unique feature it is featureless to the 
conventional polymeric materials which make carbon a skeleton as a photoresist, optical-waveguide material, the precursor of 
a silicon carbide, a semiconductor, an electrophotography photo conductor, a non-linear optical material, and a luminescent 
material new type. One of the causes by which the organic poly silylene lengthened interest is because it dissolves in the 
organic solvent and can be easily processed into fiber or a thin film, however, two organic substituents introduce into Si most 
organic poly silylenes known until now - having had (R(SiR one R2) 1 and R2 being an organic substituent) - it is the 
chemical structure made into a repeating unit Therefore, thickness could not be thickened for the self-absorption with the 
powerful ultraviolet absorption band originating in Si-Si combination to which sensitivity is not enough and it appears near 
300 to 400nm to thin film processing with a thickness [ like a photoresist or an optical waveguide ] of about several microns 
which used photochemistry-a cleavage reaction and crosslinking reaction, for example, and it was not satisfaction in property 
compared with the conventional carbon system polymeric materials. In order to attain high sensitivity-ization, it is required to 
be the macromolecule which has an Si-Si combination [ activity / in photochemistry ]. moreover, as a visible region 
luminescence silicon material known conventionally Others [. / [KAGAWAT/ with the poly methylphenyl silane or network 
alkyl policy phosphorus which have a 500nm luminescence region from wavelength 420 / (Kagawa, T.) ], Solid State 
Communique SHONZU (Solid State Commun.), Macro leakage-at-bulb KYURUSU (Macromolecules) besides the 57th 
volume, the 635th page (1986), and full regulus K. (Furukawa, K.), the 23rd volume, the 3423page(1990)]. 
[0003] 

[Problem(s) to be Solved by the Invention] However, a poly methylphenyl silane has luminescence strong near 350nm, and 
the luminescence intensity of 420 to 500nm had relatively the fault of being weak. In network alkyl policy phosphorus, since 
it was only an alkylation machine, the mechanical property was missing, and it had the fault that degradation was very intense. 
The purpose of this invention is to offer the organic silicon macromolecule which used as the base material the poly 
methylphenyl silane expected as a photoresist, optical-waveguide material, the precursor of a silicon carbide, a 
semiconductor, an electrophotography photo conductor, a non-linear optical material, and a luminescent material. 
[0004] 

[Means for Solving the Problem] In the organic silicon macromolecule which invention of the 1st of this invention is 
invention about an organic silicon macromolecule, and includes poly methylphenyl silane structure if this invention is outlined 
The value of weight average molecular weight by the method searched for by the gel permeation chromatography on the basis 
of mono dispersion polystyrene or more by 2000 And it is characterized by having peaks other than -40 ppm characteristic of 
a poly methylphenyl silane near -60 to -80, or -42 to -50, or -30 to -35 ppm by 29 Si-FTNMR (inside of a chloroform 
solution, tetramethylsilane criteria). Moreover, it is characterized by for invention of the 2nd of this invention being invention 
about the manufacture method of an organic silicon macromolecule, making 0.01 to 0.50 a phenyl trichlorosilane exist with a 
mole fraction to methylphenyl dichlorosilane, and manufacturing it according to desalting-under metallic-sodium existence 
condensation. 

[0005] An important concept is by introducing aromatic system substitution SHIRIN to methylphenyl poly silylene structure 
by this invention to promote [ forming a localized level into the band structure of the single dimension semiconductor which 
consists of Si-Si chains, or ] localization of Si bonding electron again. Therefore, if it is condensation polycyclic structures, 
such as not only the phenyl group taken up here but a naphthyl group, an anthryl machine, a pyrenyl machine, etc., as a ring, it 
is good anything. Moreover, the suitable aliphatic substituent for these phenyl groups, a naphthyl group, an anthryl machine, a 
pyrenyl machine, etc. may be attached. 

[0006] although it will depend to the mole fraction of copolymerization strongly in order to obtain a broad emission band, if 
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the emission spectrum of an organic silicon macromolecule copolymer with other organic silicon macromolecule copolymer 
composition is investigated like what was shown in following each example and each application — methylphenyl 
dichlorosilane ~ receiving — the rate of a phenyl trichlorosilane ~ 0.001 to 0.50 -- preferably, 0.01 to about 0.10 came out 
enough, and a certain thing was understood If the value exceeds 0.10, oxidization degradation tends to take place and it is 
unsuitable as a luminescent material. On the other hand, although the oxidization degradation property of an organic silicon 
macromolecule copolymer with other organic silicon macromolecule copolymer composition was related also to a resist or 
waveguide formation, the value was preferably found by 0.001 to 0.50, and that decomposition promotion is improved by 
sensitivity, when it was 0.01 or more. Thus, it becomes possible to a poly methylphenyl silane homopolymer to control a 
luminescence property, a photolysis property, and an oxidization degradation property by including phenyl SHIRIN structure 
in principal chain structure. 
[0007] 

[Example] Hereafter, although an example and an application explain this invention still more concretely, this invention is not 
limited to these. 

[0008] A synthetic example explains one or less example and this invention still more concretely. All of reaction operation 
and refining operation were performed by cutting the bottom of argon gas atmosphere, and indoor light. After fully carrying 
out dehydration deaeration and carrying out argon inert gas replacement of the inside of a reaction container, 3.8g (toluene 
30%) of metallic-sodium dispersion liquid and toluene 50ml were put into the flask. It added at a stretch and the mixed 
monomer (methylphenyl dichlorosilane (l)5.62g and phenyl trichlorosilane (2)0. 13g) was made to react for 10 more minutes 
after addition in the oil bath temperature of 1 10 degrees C. Pressure filtration of the reaction mixed solution was carried out, 
and the filtrate was added to the deaerated cold isopropyl alcohol. The centrifugal separator recovered the produced white 
precipitation and it carried out the vacuum drying at 60 degrees C. Yield was 0.80g. 12100 was obtained for the weight 
average molecular weight calculated by the gel permeation chromatography on the basis of mono dispersion polystyrene, and 
the monophasic macromolecule of 7.2 was obtained for degree of dispersion (= weight average degree of polymerization / 
number average degree of polymerization). The obtained organic silicon macromolecule 3 (1/2=0.97/0.03) was able to form 
the thin film easily by the spin coat method or the solvent cast method. 

[0009] The FT-IR absorption spectrum (substrate : KBr) of the thin film of 3 (1/2=0.97/0.03) and a poly methylphenyl silane 
produced by the solvent cast method is shown in drawing 1 and drawing 2 . That is, drawing 2 of organic silicon 
macromolecule copolymer 3 (1/2=0.97/0.03) thin film by which drawing 1 was compounded in the example 1 is drawing of a 
poly methylphenyl silane thin film showing an FT-IR absorption spectrum by relation between an absorbance (vertical axis) 
and the wave number (cm-1, horizontal axis), respectively. The attribution is as follows. From 3 100 to 2850cm- 1, aromatic 
C=C stretching vibration has appeared in the 1600 to 1 500cm- 1 neighborhood, and Si-Si stretching vibration has appeared 
aromatic series and aliphatic C-H stretching vibration ] in the 450cm- 1 neighborhood. Moreover, the absorption of the 
1000-1 100cm-l neighborhood based on Si-O-Si is hardly accepted. Absorption of the 3300cm-l neighborhood originating in 
Si-OH stretching vibration is not accepted. 

[0010] The electronic absorption spectrum (the inside of a tetrahydrofuran solution, room temperature) of the obtained 
organic silicon macromolecule 3 (1/2=0.97/0.03) and a poly methylphenyl silane is shown in drawing 3 and drawing 4 . That 
is, drawing 4 of the organic silicon macromolecule copolymer 3 (1/2=0.97/0.03) by which drawing 3 was compounded in the 
example 1 is drawing of a poly methylphenyl silane showing an electronic absorption spectrum by relation between an 
absorbance (vertical axis) and energy (eV, horizontal axis), respectively. A copolymer 3 shows the almost same absorption 
spectrum as the poly methylphenyl silane which is a homopolymer. 

[001 1] 29 Si-FTNMR (inside of the proton noise decoupling method and a chloroform solution, tetramethylsilane criteria) of 
the obtained organic silicon macromolecule 3 (1/2=0.97/0.03) and a poly methylphenyl silane is shown in drawing 5 and 
drawing 6 . That is, drawing 6 of the organic silicon macromolecule copolymer 3 (1/2=0.97/0.03) by which drawing 5 was 
compounded in the example 1 is drawing of a poly methylphenyl silane thin film showing 29 Si-FTNMR by relation between 
signal strength (vertical axis) and a chemical shift (ppm, horizontal axis), respectively. In addition to three strong peaks near 
where a copolymer 3 is characteristic of the poly methylphenyl silane which is a homopolymer ] -40 ppm, the satellite peak 
near [ -35 ppm ] - 45 ppm has appeared clearly. This is conjectured that 3 has introduced little branching Si structure into the 
chain-like skeleton of a poly methylphenyl silane. 

[0012] If the above result is judged synthetically, it will be surmised that the obtained organic silicon macromolecule 
copolymer 3 (1/2=0.97/0.03) has introduced little branching Si structure into Si principal chain skeleton, without a part of 
Si-Si combination converting into siloxane structure. 

[0013] Like example 2 example 1, after fully carrying out dehydration deaeration and carrying out argon inert gas 
replacement of the inside of a reaction container, 4.4g (toluene 30%) of metallic-sodium dispersion liquid and toluene 50ml 
were put into the flask. It added at a stretch and the mixed monomer (methylphenyl dichlorosilane (1)1 .90g and phenyl 
trichlorosilane (2)2. lOg) was made to react for 10 more minutes after addition in the oil bath temperature of 1 10 degrees C. 
Pressure filtration of the reaction mixed solution was carried out, and the filtrate was added to the deaerated cold isopropyl 
alcohol. The centrifugal separator recovered the produced white precipitation and it carried out the vacuum drying at 60 
degrees C. Yield was 0.40g. 6690 was obtained for the weight average molecular weight calculated by the gel permeation 
chromatography on the basis of mono dispersion polystyrene, and the monophasic macromolecule of 10.4 was obtained for 
degree of dispersion (= weight average degree of polymerization / number average degree of polymerization). The obtained 
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organic silicon macromolecule copolymer 3 (1/2=50/50) was able to form the thin film easily by the spin coat method or the 
solvent cast method. 

[0014] The relation between an absorbance (vertical axis) and the wave number (cm-1 , horizontal axis) shows the FT-IR 
absorption spectrum (substrate : KBr) of the thin film of 3 (1/2=0.50/0.50) produced by the solvent cast method to drawing 7 . 
The attribution is as follows. From 3 100 to 2850cm- 1, aromatic C=C stretching vibration has appeared in the 1600 to 
1500cm-l neighborhood, and Si-Si stretching vibration has appeared [ aromatic series and aliphatic C-H stretching vibration ] 
in the 450cm- 1 neighborhood. Moreover, the stretching vibration based on Si-O-Si is accepted in the 1000-1 100cm- 1 
neighborhood. Moreover, absorption of the 3300 to 3600 originating in Si-OH stretching vibrationcm-1 neighborhood is 
accepted. 

[0015] The relation between an absorbance (vertical axis) and energy (eV, horizontal axis) shows the electronic absorption 
spectrum (the inside of a tetrahydrofiiran solution, room temperature) of the obtained organic silicon macromolecule 
copolymer 3 (1/2=0.50/0.50) to drawing 8 . Compared with the poly methylphenyl silane whose organic silicon 
macromolecule copolymer 3 (1/2=0.50/0.50) compounded in the example 2 is a homopolymer, 3.7eV absorption is 
broadcloth. 

[0016] The relation between signal strength (vertical axis) and a chemical shift (ppm, horizontal axis) shows 29 Si-FTNMR 
(inside of the proton noise decoupling method and a chloroform solution, tetramethylsilane criteria) of the obtained organic 
silicon macromolecule copolymer 3 (1/2=0.50/0.50) to drawing 9 . the peak near [ where the organic silicon macromolecule 
copolymer 3 compounded in the example 2 is characteristic of the poly methylphenyl silane which is a homopolymer ] -40 
ppm - broadcloth - becoming -- it - in addition, the peak has appeared near [ -24 ppm / - 30 ppm / - 45 ppm / - 70 ppm ] - 
78 ppm This means that 3 had introduced branching Si structure into the straight-line-like skeleton of a poly methylphenyl 
silane in large quantities. 

[0017] If the above result is judged synthetically, it will be thought that it had introduced branching Si structure into Si 
principal chain skeleton in large quantities although a part of Si-Si combination was converting the obtained poly silylene 
copolymer 3 (1/2=0.50/0.50) into siloxane structure. However, since distortion is large and the structure has it, it is presumed 
to be what caused oxidization degradation easily with the oxygen in air. [ unstable ] 

[0018] Since the organic silicon macromolecule copolymer 3 (1/2=0.97/0.03) obtained application 1 continues for 250 to 
350nm and has broad absorption, a bird clapper is easily expected for micro processing by the powerful light sources, such as 
the ultraviolet light source or the nitrogen laser which enclosed a xenon, heavy hydrogen, mercury, etc., and an excimer laser. 
In fact, when the mercury lamp (output 6W) with a wavelength of 254nm was irradiated at the thin film (thickness of about 
0.3 microns) of the organic silicon macromolecule copolymer 3 (1/2=0.97/0.03), optical decolorization was caused in about 
15 minutes. Application of a photoresist, an optical waveguide, etc. is expected using this property. 
[0019] The photoreaction of the thin film of the organic silicon macromolecule copolymer 3 (1/2=0.97/0.03) was pursued at 
the room temperature in air using the ultraviolet absorption spectrum. The relation between an absorbance (vertical axis) and 
wavelength (nm, horizontal axis) shows aging of UV absorption spectrum accompanying the UV irradiation of organic silicon 
macromolecule copolymer 3 (1/2=0.97/0.03) thin film compounded in the example 1 to drawing 10 . From the ultraviolet 
absorption spectrum, the broad absorption band which originates in the Si-Si chain ranging from 235 to 350nm with optical 
irradiation time almost disappeared. 

[0020] Moreover, it pursued using FT-IR. The relation between an absorbance (vertical axis) and wavelength (cm-1, 
horizontal axis) shows aging of the FT-IR absorption spectrum accompanying UV irradiation to drawing 1 1 (wavelength : 
254nm, an output 6 the inside of W and air, a room temperature). From FT-IR, the stretching vibration which originates in the 
Si-H stretching vibration of the 21 00cm- 1 neighborhood and Si-O-Si combination of the 1 050cm- 1 neighborhood with 
irradiation time increased. This photooxidation speed was almost equivalent to the corresponding poly methylphenyl silane 
homopolymer. Principal chain structure means remarkably unstably that there is no bird clapper by introduction of the 
phenylsilane structure where this is little. 

[0021] The excitation energy dependency (measurement temperature 4K) of the emission spectrum of organic silicon 
macromolecule copolymer 3 (1/2=0.97/0.03) thin film obtained application 2 and a poly methylphenyl silane homopolymer 
thin film is shown in drawing 12 and drawing 13 . That is, drawing 12 is drawing showing the excitation energy dependency 
of the emission spectrum of organic silicon macromolecule copolymer 3 (1/2=0.97/0.03) thin film compounded in the 
example 1 by relation between luminescence intensity (an arbitrary unit, vertical axis) and energy (eV, horizontal axis), and 
drawing 13 is drawing showing the excitation energy dependency of the emission spectrum of a poly methylphenyl silane thin 
film by relation between luminescence intensity (vertical axis) and energy (eV, horizontal axis). Compared with the poly 
methylphenyl silane homopolymer, as for the organic silicon macromolecule copolymer 3, only the broad emission band near 
2.0 to 3.3eV has appeared substantially, without being seldom dependent on excitation energy. 
[0022] The monitor energy dependence (measurement temperature 4K) of the excitation spectrum of organic silicon 
macromolecule copolymer 3 (1/2=0.97/0.03) thin film and a poly methylphenyl silane homopolymer thin film is shown in 
drawing 14 and drawing 15 . That is, drawing 14 is drawing showing the monitor energy dependence of the excitation 
spectrum of organic silicon macromolecule copolymer 3 (1/2=0.97/0.03) thin film compounded in the example 1 by relation 
between monitor intensity (vertical axis) and energy (eV, horizontal axis), and drawing 15 is drawing showing the monitor 
energy dependence of the excitation spectrum of a poly methylphenyl silane thin film by relation between monitor intensity 
(an arbitrary unit, vertical axis) and energy (eV, horizontal axis). As for the organic silicon macromolecule copolymer 3 
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(1/2=0.97/0.03), the band 4.0 and near 4.8eV is involving like a poly methylphenyl silane homopolymer about the cause of 
the broad emission band near 2.0 to 3.3eV. That is, the broad emission band of the organic silicon macromolecule copolymer 
3 (1/2=0.97/0.03) means that absorption near [ which was visible with the absorption spectrum ] 3.7eV is not involving. 
[0023] 

[Effect of the Invention] As this invention showed, it becomes possible to a poly methylphenyl silane homopolymer to control 
a luminescence property, a photolysis property, and an oxidization degradation property by including a phenyl trichlorosilane 
in principal chain structure by the copolymerization reaction. Application of a field with the obtained organic silicon 
macromolecule copolymer broad as a photoresist, optical-waveguide material, the precursor of a silicon carbide, a 
semiconductor, an electrophotography photo conductor, a non-linear optical material, and a luminescent material is expected. 
Since the absorption band based on an Si-Si chain exists especially in the wavelength of 300-400nm, it is suitable for 
patternizing of the macromolecule thick film which sensitization material does not need as a negative-mold material for micro 
processing. Moreover, it is promising also as a light region luminescent material. 



[Translation done.] 
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30 9 7/0. 0 3 ) X^U^f^i-^^y**!!? 
'J v-co&afcx^y* WUoaj^*rt^H£*1x£B7 
&t^8tc^t. -fSrfc^. H7J±Hit0fll'e^jS$ft 
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